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316 
dust 
albedo, size, 293 
other physical properties, 
294 
see also Dust 
gas, chemical composition, 
295-304 
carbon monoxide, 296, 301 
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comparison with other 
regions, 301-4 
electron density, 300 
formaldehyde, 296, 301 
heavy element depletion, 
299-300 
hydrogen atoms, 295-98 
hydrogen molecules, 296, 
298-99 
hydrogen prediction and 
evidence, 298-99 
hydroxyl and oxygen, 296, 
300 
other atoms, 296, 299, 
300 
gas, temperature, 310-11 
cooling, 294, 301, 310- 
11 
heating, 311 
limits on excitation tem- 
perature, 297, 310 
observations, 310-11 
theory, 311 
grain temperature, 311-12 
heating, 312 
hydrogen 21 cm observa- 
tions, 297 
internal motion, 312-17 
angular velocities, 315 
energy source, 315 
shockwaves, 314-15 
variation, 314-15 
ionization, 309 
magnetic field, 309, 316 
molecule formation, 317- 
19 
effect of past history, 318- 
19 
rates, 317 
physical properties, 295 
radiation field, 305-8 
relation to surroundings, 
316 
temperature relaxation 
time, 315 
Interstellar medium--other 
than dark clouds 
21 cm variations with column 
density of dust, 297 
cold, dense regions 
chemical inhomogeneities, 
303 
composition, 303-5 
excitation temperatures, 
303 
ionization state 
cosmic ray density deter- 
mination from, 308 
enhancement, 309 
measurement, 308-9 
rates, 309 
Sag Bo, 301-2 
composition, 301 
NH3 pumping, 301 
velocity fields, 302 
Verschuur's clouds 
composition, 302 
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velocity fields, 302 
Inverse £ decay in degenerate 
dwarfs, 355-56 
Inverse Compton scattering 
in QSOs, 99 
Ionization 
collisional as source of 
radiation, 239 
cross section for cosmic 
ray ionization, 308 
effects on radiation pressure 
mass loss, 143 
radiative 
of carbon by starlight in 
dark clouds in ISM, 300 
as sink of radiation, 239 
state of ISM 
cosmic ray density deter- 
mination from, 308 
enhancement, 309 
measurement, 308 
rates, 309 
IRC 10011, 75-76 
IRC 10216, 76 
Iron abundance in photosphere 
and meteorites, 5 
Irregular dwarf galaxies 
see Dwarf galaxies 
Irregular variables in dwarf 
galaxies, 42, 54 
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Jupiter 
perturbation effect on Sun, 
117-18 
as seen from a Centauri, 
117 


K 


Kelvin time scale 
for mass exchange in close 
binaries, 184, 193, 195 
for thermal relaxation oscil- 
lation, 138 
Kepler's law for close bina- 
ries, 185 
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Lagrangian points in close 
binary systems, 186 
Leo A galaxy, 52 
Leo I galaxy, 36 
Leo II galaxy, 37 
Limb brightening in solar 
ultraviolet, 211, 218 
Limb darkening in solar ultra- 
violet, 212, 218 
Line absorption 
in multilevel atom model, 
260 
in two-level atom model, 
243-44 
Lines-- profile 
effect of NLTE, 250 
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function, 243, 248, 255 
solar UV profile studies, 
215-16 
CIILA 1335, 216 
H Ly a, 216 
Mg* H and K, 215 
Ol triplet A 1305, 216 
see also Broadening 
Lines--spectral, formation 
of, 237-68 
continuous absorption in- 
clusion, 254-55 
definitions: TE, LTE, 
NLTE, 238 
gradient effects 
density, 256 
Doppler width, 257 
Planck function, 257 
thermal, 256-57 
in moving atmospheres, 
264 
multilevel atom model, 260- 
64 
equivalent two-level prob- 
lem, 262 
line saturation case, 263- 
64 
optically thin case, 262- 
63 
redistribution, 261 
source function, 260, 262 
statistical equilibrium, 
260-61 
transfer, 260 
multiple scattering, 253 
multiplets, 264-68 
analogy with single line 
redistribution, 266-67 
photon pool, 266-67 
photon switching, 265-66 
solution for linear, 266- 
68 
source function equality, 
267-68 
overlapping lines, 256 
photon escape probability, 
250-51, 253 
profile function, 243, 248 
radiative equilibrium, 253- 
54 
radiative processes, 240- 
43 
atomic recoil, 241 
collisional broadening, 
241 
Doppler broadening, 241, 
258 
natural broadening, 241, 
258 
redistribution function, 
240, 242 
scattering, 240 
transfer equation, validity, 
242 
resonance lines, 243, 258 
reviews, 237 
scattering, nonisotropic, 255 


scatterings, mean number 
of, 251, 259 
source function in scatter- 
ing atmosphere, 254 
sources and sinks of radia- 
tion, 239-40 
thermalization lengths, 
252 
two-level atom model, 243- 
50 
absorption coefficient, 
243-44 
application, 243 
broadband processes, 244- 
45 
emission coefficient, 243- 
45 
limiting forms, 249 
solution, 248-50 
source function, 245-46 
statistical equilibrium, 
243 
wings, effect of, 240, 253, 
255, 257, 259 
Local group 
see Dwarf galaxies, M31; 
Maffei I 
Local mass density--contri- 
bution from degenerate 
dwarfs, 363-64 
Long period variables in 
dwarf galaxies, 42, 54 
LTE 
definition, 238 
as limit towards interior, 
249, 252 
in lower Cytherean atmos- 
phere, 157 
in lower Martian atmos- 
phere, 157 
in saturated lines, 264 
source function, 245 
two-level atom model, 250 
Luminosity 
of dwarf galaxies, 44 
of nearby stars, 104-5, 108, 
111 
Luminosity function 
of degenerate dwarfs, 362 
of dwarf galaxies, 15, 42, 
53 
Lyman a 
Cytherean atmosphere, 164, 
166 
Sun, 212, 216 
Lyman continuum in Sun, 221- 
22 
variation from center to 


limb, 221-22 
M 
M8, 84 
Ml7, 84 
M31 


companions, 38 
infrared radiation from, 


91, 93 
Maffei I infrared radiation, 
99 
Magellanic Clouds 
planetary nebulae in, 129, 
131 
similarity to dwarf galaxies, 
35, 52-54, 56 
Magnetic field 
in and near dark clouds in 
ISM, 309, 316 
in degenerate dwarfs, 357 
in QSOs to explain synchro- 
tron infrared, 98 
solar structure 
from coronal emission, 
229, 233 
from spicule channeling, 
223 
Magnetic susceptibility effect 
on fractionation, 10, 26 
Mariner flybys 
photographic studies, clouds, 
156 
radio refraction studies 
Mars, 150, 157-58, 163-64 
Venus, 149, 157-58, 163- 
64 
Ultraviolet spectrometer 
studies 
Mars upper atmosphere 
composition, 153, 155-56, 
164-65 
Mars--atmosphere 
chemistry 
photochemistry of CO9, 
168 
photodissociation of HO, 
178 
clouds 
condensation, 156 
diurnal, 156 
dust, 156-57 
hazes, 156-57 
polarization, 156 
composition, 149-55 
CO, 149-50 
other gases, 153-54, 166- 
67 
seasonal variation, 152 
upper atmosphere, 166-70 
water, 150, 152-53 
dynamics, 170-74 
computer simulation, 173- 
74 
controls, 170 
diurnal, 173 
equator-pole energy ex- 
change, 172-73 
latent heat effects, 172 
lower atmosphere, 172-73 
scaling from one planet to 
another, 170 
topography effects, 173 
upper atmosphere, 173-75 
evolution, 175-77 
spectra, 155 
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structure, lower atmosphere, 

157-63 

adiabatic lapse, 159 

convection, 163 

diurnal cycles, 163 

equilibrium with ice caps, 
162-63 

heat capacity, 162 

inversions, 159, 163 

LTE in, 157 

mixing, 157 

recombination, 157 

saturation of CO9, 159 

thermal, observations, 
159-60 

thermal, theories, 162-63 

structure, upper atmosphere 

composition, 166-68 

electron density, 163-64 

mean free path, 163 

mixing, 168, 175 


NLTE, 163 
solar wind interaction, 
167 


thermal structure, 166-68 
variations, 166 
Mars-- surface 
hydration of minerals, 153 
permafrost, 153 
polar caps, 150, 152 
Mass 
of degenerate dwarfs 
see Degenerate dwarfs 
determination from binary 
system, 113, 115 
of dwarf galaxies, 144 
of H II regions in dwarf 
galaxies, 55 
of planetary nebulae 
nebula, 128-29 
original star, 128 
Mass exchange in close bina- 
ries 
angular momentum of system, 
187, 199-200 
effect on ellipticity, 189 
effect on surface abundances, 
200 
evidence for, 191, 193-94 
flow velocities, 187 
mass loss from system, 188 
models and errors, 186-87 
references, 192-93 
results, 193-94 
particle orbits, 204 
period range possible, 190- 
92 
phases of evolution when 
possible, 190-97 
off main sequence, 194-95 
toward carbon burning, 
191, 197 
toward helium burning, 
195-97 
reversal of mass ratio, 194 
time scales, rates 
convection effect, 189, 195 
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dynamic, 195, 204 
extended atmosphere ef- 
fect, 187 
nonsynchronous rotation 
effect, 187, 198 
nuclear, 194 
thermal, 184, 193, 195 
Mass loss 
binary systems, 188 
evolved stars, 137, 139 
infrared sources, 78, 80 
by radiation pressure, 141- 
43 
criteria, 141-43 
flow rates, 142-43 
ionization- recombination 
effects, 143 
kinetic energy transfer, 
142-43 
lifting energy, 142 
supersonic, 143 
velocities, 142 
Mass-luminosity- radius rela- 
tion for close binaries, 
184, 197 
Mass- luminosity relation 
for close binaries, 184, 
197 
for dwarf galaxies, 44 
for nearby stars, 115 
Mass- radius relation for 
degenerate dwarfs, 353 
ion charge effect, 355 
ion temperature effect, 
356 
Max- Planck Institut ftir Radio- 
astronomie, 274 
Mean-field approximation in 
convection theory, 347 
Mercury (planet) 
atmosphere observation, 
148 
escape of CO and other 
gases, 178 
Mesopause, 163 
Metals 
in dwarf galaxies, 55 
in early solar system, 3, 
4, 6-9 
least volatile, 8 
see also Fractionation 
Metamorphism in meteorites, 
4, 23, 27-31 
Meteorites 
amino acids in, 21 
classes of, 3 
evolution of, 17, 30-31 
iron abundance in, 5 
metamorphism in, 4, 23, 
27-31 
noble gases in, 24-26 
origin of, 2, 20, 30-31 
see also Chondrites; Frac- 
tionation 
Microfaculae--solar, 212, 
229 
Milky Way--infrared from 
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velocity fields, 302 
Inverse f decay in degenerate 
dwarfs, 355-56 
Inverse Compton scattering 
in QSOs, 99 
Ionization 
collisional as source of 
radiation, 239 
cross section for cosmic 
ray ionization, 308 
effects on radiation pressure 
mass loss, 143 
radiative 
of carbon by starlight in 
dark clouds in ISM, 300 
as sink of radiation, 239 
state of ISM 
cosmic ray density deter- 
mination from, 308 
enhancement, 309 
measurement, 308 
rates, 309 
IRC 10011, 75-76 
IRC 10216, 76 
Iron abundance in photosphere 
and meteorites, 5 
Irregular dwarf galaxies 
see Dwarf galaxies 
Irregular variables in dwarf 
galaxies, 42, 54 
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Jupiter 
perturbation effect on Sun, 
117-18 
as seen from a Centauri, 
117 


K 


Kelvin time scale 
for mass exchange in close 
binaries, 184, 193, 195 
for thermal relaxation oscil- 
lation, 138 
Kepler's law for close bina- 
ries, 185 
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Lagrangian points in close 
binary systems, 186 
Leo A galaxy, 52 
Leo I galaxy, 36 
Leo II galaxy, 37 
Limb brightening in solar 
ultraviolet, 211, 218 
Limb darkening in solar ultra- 
violet, 212, 218 
Line absorption 
in multilevel atom model, 
260 
in two-level atom model, 
243-44 
Lines-- profile 
effect of NLTE, 250 
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function, 243, 248, 255 
solar UV profile studies, 
215-16 

CIIA 1335, 216 

H Ly a, 216 

Mgt H and K, 215 

Ol triplet A 1305, 216 
see also Broadening 
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of, 237-68 
continuous absorption in- 
clusion, 254-55 
definitions: TE, LTE, 
NLTE, 238 
gradient effects 
density, 256 
Doppler width, 257 
Planck function, 257 
thermal, 256-57 
in moving atmospheres, 
264 
multilevel atom model, 260- 
64 
equivalent two-level prob- 
lem, 262 
line saturation case, 263- 
64 
optically thin case, 262- 
63 


redistribution, 261 
source function, 260, 262 
statistical equilibrium, 
260-61 
transfer, 260 
multiple scattering, 253 
multiplets, 264-68 
analogy with single line 
redistribution, 266-67 
photon pool, 266-67 
photon switching, 265-66 
solution for linear, 266- 
68 
source function equality, 
267-68 
overlapping lines, 256 
photon escape probability, 
250-51, 253 
profile function, 243, 248 
radiative equilibrium, 253- 
54 
radiative processes, 240- 
43 
atomic recoil, 241 
collisional broadening, 
241 
Doppler broadening, 241, 
258 
natural broadening, 241, 
258 
redistribution function, 
240, 242 
scattering, 240 
transfer equation, validity, 
242 
resonance lines, 243, 258 
reviews, 237 
scattering, nonisotropic, 255 


scatterings, mean number 
of, 251, 259 
source function in scatter- 
ing atmosphere, 254 
sources and sinks of radia- 
tion, 239-40 
thermalization lengths, 
252 
two-level atom model, 243- 
50 
absorption coefficient, 
243-44 
application, 243 
broadband processes, 244- 
45 
emission coefficient, 243- 
45 
limiting forms, 249 
solution, 248-50 
source function, 245-46 
statistical equilibrium, 
243 
wings, effect of, 240, 253, 
255, 257, 259 
Local group 
see Dwari galaxies, M31; 
Maffei I 
Local mass density--contri- 
bution from degenerate 
dwarfs, 363-64 
Long period variables in 
dwarf galaxies, 42, 54 
LTE 
definition, 238 
as limit towards interior, 
249, 252 
in lower Cytherean atmos- 
phere, 157 
in lower Martian atmos- 
phere, 157 
in saturated lines, 264 
source function, 245 
two-level atom model, 250 ’ 
Luminosity 
of dwarf galaxies, 44 
of nearby stars, 104-5, 108, 
111 
Luminosity function 
of degenerate dwarfs, 362 
of dwarf galaxies, 15, 42, 
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Cytherean atmosphere, 164, 
166 
Sun, 212, 216 
Lyman continuum in Sun, 221- 
22 
variation from center to 
limb, 221-22 
M 
M8, 84 
M17, 84 
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Magellanic Clouds 
planetary nebulae in, 129, 
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similarity to dwarf galaxies, 
35, 52-54, 56 
Magnetic field 
in and near dark clouds in 
ISM, 309, 316 
in degenerate dwarfs, 357 
in QSOs to explain synchro- 
tron infrared, 98 
solar structure 
from coronal emission, 
229, 233 
from spicule channeling, 
223 
Magnetic susceptibility effect 
on fractionation, 10, 26 
Mariner flybys 
photographic studies, clouds, 
156 
radio refraction studies 
Mars, 150, 157-58, 163-64 
Venus, 149, 157-58, 163- 
64 
Ultraviolet spectrometer 
studies 
Mars upper atmosphere 
composition, 153, 155-56, 
164-65 
Mars--atmosphere 
chemistry 
photochemistry of COs, 
168 
photodissociation of HyO, 
178 
clouds 
condensation, 156 
diurnal, 156 
dust, 156-57 
hazes, 156-57 
polarization, 156 
composition, 149-55 
CQg, 149-50 
other gases, 153-54, 166- 
67 
seasonal variation, 152 
upper atmosphere, 166-70 
water, 150, 152-53 
dynamics, 170-74 
computer simulation, 173- 
74 
controls, 170 
diurnal, 173 
equator-pole energy ex- 
change, 172-73 
latent heat effects, 172 
lower atmosphere, 172-73 
scaling from one planet to 
another, 170 
topography effects, 173 
upper atmosphere, 173-75 
evolution, 175-77 
spectra, 155 
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structure, lower atmosphere, 

157-63 

adiabatic lapse, 159 

convection, 163 

diurnal cycles, 163 

equilibrium with ice caps, 
162-63 

heat capacity, 162 

inversions, 159, 163 

LTE in, 157 

mixing, 157 

recombination, 157 

saturation of CO, 159 

thermal, observations, 
159-60 

thermal, theories, 162-63 

structure, upper atmosphere 

composition, 166-68 

electron density, 163-64 

mean free path, 163 

mixing, 168, 175 


NLTE, 163 
solar wind interaction, 
167 


thermal structure, 166-68 
variations, 166 
Mars-- surface 
hydration of minerals, 153 
permafrost, 153 
polar caps, 150, 152 
Mass 
of degenerate dwarfs 
see Degenerate dwarfs 
determination from binary 
system, 113, 115 
of dwarf galaxies, 144 
of H II regions in dwarf 
galaxies, 55 
of planetary nebulae 
nebula, 128-29 
original star, 128 
Mass exchange in close bina- 
ries 
angular momentum of system, 
187, 199-200 
effect on ellipticity, 189 
effect on surface abundances, 
200 
evidence for, 191, 193-94 
flow velocities, 187 
mass loss from system, 188 
models and errors, 186-87 
references, 192-93 
results, 193-94 
particle orbits, 204 
period range possible, 190- 
92 
phases of evolution when 
possible, 190-97 
off main sequence, 194-95 
toward carbon burning, 
191, 197 
toward helium burning, 
195-97 
reversal of mass ratio, 194 
time scales, rates 
convection effect, 189, 195 
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dynamic, 195, 204 
extended atmosphere ef- 
fect, 187 
nonsynchronous rotation 
effect, 187, 198 
nuclear, 194 
thermal, 184, 193, 195 
Mass loss 
binary systems, 188 
evolved stars, 137, 139 
infrared sources, 78, 80 
by radiation pressure, 141- 
43 
criteria, 141-43 
flow rates, 142-43 
ionization- recombination 
effects, 143 
kinetic energy transfer, 
142-43 
lifting energy, 142 
supersonic, 143 
velocities, 142 
Mass-luminosity- radius rela- 
tion for close binaries, 
184, 197 
Mass-luminosity relation 
for close binaries, 184, 
197 
for dwarf galaxies, 44 
for nearby stars, 115 
Mass- radius relation for 
degenerate dwarfs, 353 
ion charge effect, 355 
ion temperature effect, 
356 
Max- Planck Institut ftir Radio- 
astronomie, 274 
Mean-field approximation in 
convection theory, 347 
Mercury (planet) 
atmosphere observation, 
148 
escape of a and other 
gases, 17 
Mesopause, 163 
Metals 
in dwarf galaxies, 55 
in early solar system, 3, 
4, 6-9 
least volatile, 8 
see also Fractionation 
Metamorphism in meteorites, 
4, 23, 27-31 
Meteorites 
amino acids in, 21 
classes of, 3 
evolution of, 17, 30-31 
iron abundance in, 5 
metamorphism in, 4, 23, 
27-31 
noble gases in, 24-26 
origin of, 2, 20, 30-31 
see also Chondrites; Frac- 
tionation 
Microfaculae--solar, 212, 
229 
Milky Way--infrared from 











386 


nucleus, 90-93, 100 
Miller-Urey reaction, 22- 
24 
Mira variables--infrared 
from, 74-75 
Mixing length convection the- 
ory 
see Convection 
Molecule formation in ISM, 
317-19 
Mounting of radio antennae, 
278 
Multiplets--models of line 
formation 
see Lines--spectral, forma- 
tion 


N 


Natural broadening, 241, 
258 
Neutrinos 
current-current interaction 
energy loss for contrac- 
ting stars, 133, 144, 
361-62 
observational test, 362 
energy loss in globular 
cluster stars, 137 
photo-neutrino coupling, 
133 
NGC 1068, 94, 96 
NGC 6822, 51-53 
NML Cyg, 71-72, 76 
NML Tau, 74, 76 
Noble gases in early solar 
system, 24-26 
isotropic amounts, 25 
origin, 24 
solubility, 25 
see also Helium 
Non-LTE 
application, 239 
in Cytherean upper atmos- 
phere, 163 
definition, 238 
historical, 238-39 
line profiles in, 250 
processes in, 238 
source of absorption, 250 
spectral line formation, 
237-68 
Novae 
as binary stars, 201-2 
infrared from, 80-84 
Nova Ser, 81 
NP 0532, 88 
Nuclei of galaxies 
dwarf ellipticals, 38, 40- 
41 
infrared emission from 
Milky Way, 90-93, 100 
M31, 91, 93 
Nucleosynthesis in early solar 
system, 29 
Nusselt number in convection 
theory 
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definition, 327 

dependence on Rayleigh and 
Prandtl numbers, 330-32 

as energy transfer measure, 
330 

see also Convection 


oO 
OH 
see Hydroxyl radical 
Olivine, 3 


Oort limit--contribution from 
degenerate dwarfs, 363- 
64 
Opacity 
circumstellar dust shells, 
80 
coefficient in model atmos- 
pheres, 243, 254 
in Cytherean atmosphere, 
162 
source near solar tempera- 
ture minimum, 217-20 
Optical depth definition, 248 
Organic compounds 
CO in dark clouds in ISM, 
296, 301 
CO in infrared sources, 
71 
coolants in dark clouds in 
ISM, 301, 310-11 
in early solar system, 20- 
23 
content, 20-21 
reactions, 21-22 
survival, 23 
see also Graphite 
Orion nebula, 84 
Owens Valley Radio Observa- 
tory, 273 
Oxidation in early solar sys- 
tem, 3, 9, 18-20 


P 


Parallax 
determinations, 106-8 
equations, 107 
measuring, 106 
probable errors, 107-8 
reference stars, 106 
of nearby stars, 104-5 
Peclet number in mixing- 
length convection theory, 
339 
in astrophysical situations, 
339 
Pegasus galaxy, 52 
Period-luminosity relation for 
Cepheids in dwarf galax- 
ies, 54 
Permafrost on Mars, 153 
Perturbation 
on nearby stars, 116, 120- 
22, 124-25 
see also Companion stars 





of sun by planets, 117-18 
theory applied to convec- 
tion theory, 333 
Photochemistry of CO, in 
terrestrial-type atmos- 
pheres, 168-70 
Photodissociation 
of — 168-70 
of H 
on Mars, 178 
as source of Oy, 177 
Photo- neutrino coupling, 
133 
Photosphere--solar 
brightness temperature as 
function of A, 218 
granulation temperature 
excess, 212 
height-emission dependence, 
218 
microfaculae, 212, 229 
opacity sources, 217-20 
radiative equilibrium vs 
mechanical energy, 220 
stark broadening at Al jump { 
A 2080, 215, 217 
temperature minimum, 220- 
21 


temperature, pressure de- 
termination, 215-21 
Photosynthesis, 177 
Planetary nebulae 
age, 127, 130 
central stars, 127-45 
composition of, 135, 144 
evolution, 130, 132-39, 
144-45 
Harman-Seaton sequence, 
130-31, 140, 144 
Harman- Seaton sequence { 
in Small Magellanic 
Cloud, 131 
mass, 140 
neutrino losses, 133, 134 
original stars, 128, 139- 
40 
structure, 135-36, 144-45 
see also Degenerate dwarfs; 
Neutrinos; Stars 
chemical recombination ef- 
fects, 143-44 
definition, 127 
ejection of, 140-42 
escape velocity, 141 
expansion velocity, 140 
flow rate expected, 142 
mechanisms, 141 
radiation pressure, 141-43 
see also Mass loss 
infrared radiation from, 
87 
in globular cluster, 128, 
144 
in Magellanic Clouds, 129, 
131 
observational data, 128-30 
composition, 128 


distribution, 128-29 
gas, ionized, 128 
gas, neutral, 129 
rates of formation, 129 
relations between physical 
observables, 128-29 
review sources, 127 
Planets 
atmospheres 
characteristics of layers, 
157, 163 
dynamics, 170 
evolution, 175-78 
photochemistry of COp, 
168-70 
photodissociation of H2O, 
177-78 
photosynthesis, 177 
review articles, 148, 157 
chronology by radioactive 
decay, 26-29 
evolution, 5, 9-10, 15-17, 
30-31 
noble gases in, 24, 26 
organic reactions in, 24 
perturbation effects 
Barnard's star, 120 
on Sun, 117-18 
terrestrial, 147 
see also individual planets 
Polar caps on Mars 
composition, 150, 152 
equilibrium with atmosphere, 
162-63 
Polarization 
grain, gas temperature de- 
termination in ISM, 312 
in infrared excess stars, 
70 
of Martian clouds, 156 
of starlight by dust, 294 
Populations 
of degenerate dwarfs, 364 
distinguishing characteris- 
tics, 128 
Prandtl number in convection 
theory 
definition, 327 
solar value, 330 
typical laboratory values, 
330 
Pressure broadening, Martian 
atmosphere, 150, 153 
Profile 
see Lines-- profile 
Proper motion 
faint nearby star survey, 
103, 107 
perspective acceleration, 
119 
Protogalaxy, 50 
Protostars 
evolution, 70 
infrared radiation, 70, 86, 
100 
relation to early solar nebu- 
la, 2, 16 
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Pulsars 
close binary evolution end 
product, 204 
determination of ISM elec- 
tron density, 308 
infrared radiation from NP 
0532, 88 
Pumping, radioactive 
of HyCO, 299 
of NHg, 301 
of OH 
see Hydroxyl radical 
Pyroxene, 3 


Q 


QSOs 
dust, 98 
infrared emission, 96-98 
variability, 98 


R 


Radiation 
field in interstellar dark 
clouds, 305-8 
magnetic dipole from de- 
generate dwarfs, 363 
pressure mass loss 
see Mass loss 
spectral line formation, 
NLTE programs 
processes, 240-42 
roles, 237-38 
sources and sinks, 239- 
40 


see also Radiative transfer; 


Lines--spectral, forma- 
tion of 
Radiative equilibrium 
in models of spectral line 
formation, 253-54 
in solar atmosphere, 220 
Radiative transfer 
equation for hydrogen 21 cm 
in clouds, 295-96 
multilevel atom model, 260 
two-level atom model, 243, 
248 
validity of equation, 242 
Radioactive decay--chronology 
of early solar system, 
26-29 
Radio noise from terrestrial 
atmosphere, 285-86 
Radius 
of dark cloud in ISM, 295 
of degenerate dwarfs 
ion charge effect, 355 
maximum, 355 
temperature effect, 356 
Rayleigh number in convec- 
tion theory 
critical value for stability, 
328-29 
definition, 327 
interpretation, 328 
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solar value, 330 
R CrB variables--infrared 
from, 77 
Reactions 
chemical 
between atmosphere and 
crust of terrestrial plan- 
ets, 175 
in early solar system, 6, 
8, 21-22 
thermonuclear in stellar 
evolution models, 133- 
36 
minimum masses and 
temperatures for ignition, 
135 
Recombination 
dielectronic as source of 
radiation, 239 
effect on radiation pressure 
mass loss, 143 
radiative 
determination of ionization 
state of ISM, 309 
as source of radiation, 
239 
three-body as source of 
line radiation, 239 
Reddening 
n Car, 83 
circumstellar dust shells, 
69 
dwarf galaxies, 53, 56 
Maffei l, 99 
Red giant stars, 131, 136 
infrared from, 71-74, 77 
mass loss from, 137 
Redistribution function 
definition, 240 
dipole transition, 255-56 
emission coefficient deter- 
mination, 244 
general, 258-59 
muitilevel atom models, 
261 
natural Doppler broadening, 
259 
as physical uncertainty, 
242 
scattering, 255-56, 259 
Redshift-- gravitational 
derivation from proper 
motion accelerations, 
120, 123 
mass-radius ratio for de- 
generate dwarfs, 130, 
136 
Reduction in early solar sys- 
tem, 9, 18-20 
Refraction of radio waves 
as atmosphere probes from 
Mariner flybys, 149-50, 
157-58, 163-64 
in Cytherean clouds, 156 
by terrestrial atmosphere, 
286 
Refractor telescopes used in 
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astrometry, 106 
Relaxation times 
for dwarf elliptical galaxies, 
49 
thermal, in interstellar 
clouds, 315 
Resonance lines 
general redistribution in, 
258 
two-level atom model, 
253 
Resonance scattering of chro- 
mospheric Ly a by coro- 
nal HI, 213 
Reynolds number in mixing- 
length convection theory, 
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in astrophysical situations, 
339 
Rings of gas about stars, 199- 
200, 202, 204 
observational evidence, 200, 
202 


turbulence effect, 204 
Roche surface for binary sys- 
tems, 186-88 
Rotation 
of Cytherean atmosphere, 
171-72 
in degenerate dwarfs, 356- 
59 
differential, 357 
kinetic energy, 356 
pulsation effect, 358-59 
velocity, 357 
viscous dissipation, 357, 
363 
in interstellar clouds, 315 
RR Lyrae variables 
in dwarf galaxies, 42 
in globular clusters as mass 
indicators, 137 
Runaway stars as binary rem- 
nants, 183, 203 
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Scattering 
frequency noncoherent 
definition, 240 
noncoherence mechanisms, 
240-41 
redistribution function, 
240 
mean number of scatterings, 
257, 259 
multiple scattering, 253 
nonisotropic, 255 
redistribution function, 259 
resonance fluorescence, 242, 
246 
resonance scattering of 
chromospheric Ly a by 
coronal HI, 213 
Sculptor galaxy, 36 
Separation of stars in solar 
neighborhood, 109 


SUBJECT INDEX 


Sextans A, 52 
Seyfert galaxies as infrared 
emitters, 94-95 
Shockwaves 
in close binary mass ex- 
change, 198, 205 
in interstellar dark clouds, 
314-15 
Silicates 
circumstellar dust shells, 
69, 71, 74 
comets, 69 
early solar system, 3-4, 
6-7, 9 
interstellar medium, 69 
see also Fractionation 
Sinks of radiant energy, 239- 


40 
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chemical processes in early, 
5-26 

chronology by radioactive 
decay, 26-29 

composition, primordial, 
4-5 


early evolution, 30-31 
noble gases in, 24-26 
nucleosynthesis in, 29 
organic matter, 20-24 
superheavy elements, 29 
Solar wind bombardment ef- 
fects 
Mars, 167 
Mercury, 148 
Source function in radiative 
transfer 
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and frequency-indepen- 
dent, 258-59 
for continuous absorption, 
254 
definition, 245 
escape probability deriva- 
tion, 251 
frequency- independent ap- 
proximation, 246-47, 
258 
isotropic approximation, 
246, 258 
in LTE, 245 
as measure of excitation, 
247 
in multilevel model, 260 
line saturation case, 263 
in multiplets, 264, 266-67 
in scattering atmosphere, 
254 
statistical equilibrium deri- 
vation, 247 
two-level atom model, 249 
Sources 
of infrared 
see Infrared sources 
of radiant energy, 239-40 
Spicules--solar, 223 
energy source, 244 
transition zone at, 226, 235 








transition zone height from, 
225 
Stability 
on the mass-radius plane, 
353 
pulsational in degenerate 
dwarfs, 358-60 
Stability--convective 
experiment, 329-30 
critical Rayleigh number, 
329 
dependence on Prandtl 
number, 330 
dependence on Rayleigh 
number, 329 
theory, 327-29 
critical Rayleigh number, 
328 
exchange of stability, 
328 
metastability, 328 
Schwarzschild criterion, 
327 
solution form including 
dissipation, 328 
vibrational or over-stabil- 
ity, 328 
Star formation in dwarf irreg- 
ular galaxies, 57 
Stark broadening determina- 
tion of temperature and 
pressure, 215, 217 
Stars 
Be infrared radiation from, 
80-81 
binary 
see Binary stars 
carbon, infrared from, 
75-76 
central stars of planetary 
nebulae 
see Planetary nebulae 
degenerate dwarfs 
see Degenerate dwarfs 
F giants, infrared from, 
78-79 
G giants, infrared from, 
78-79 
horizontal branch, 131, 
137 
in dwarf galaxies, 40 
evolution, 137, 138, 144 
mass, 137 
as progenitors of plane- 
tary nebulae, 139 
mass loss 
see Mass loss 
M giants, infrared from, 
71-74, 77 
nearby stars, 103-25 
astrometric data, 104-5, 
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112, 116-17 

density and spacing, 108- 
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incompleteness of sample, 
109 
individual objects, 116- 
25 
luminosity function, 111- 
13 
mass-luminosity relation, 
115 
reduction data, 108 
spectrum, luminosity, 112 
velocity distribution, 109, 
111 
red giant 
infrared from, 71-74, 77 
mass loss from, 131, 
136 
structure and evolution 
convection, adiabatic limit, 
323, 335 
globular cluster stars, 
136-38 
helium flash, 136-37, 139 
highly evolved low-mass 
stars, 132-36, 144 
luminosity and radius max- 
ima, 191-92 
main sequence turnoff point, 
137, 139 
mass-loss evidence, 137 
mixing, 136-39 
models with nuclear energy, 
133-36 
models without nuclear 
energy, with neutrino 
loss, 132-33, 144 
Nusselt number, 334-35 
radius vs time for 5 My 
star, 190 
shell sources, 138 
thermal instabilities, 138- 
40, 144 
turbulence, 339 
see also Binary stars; Con- 
vection; Degenerate 
dwarfs; Variable stars 
Statistical equilibrium 
multilevel atom model equa- 
tions, 260 
scattering treatment impli- 
cations, 246 
source function deviation, 
247 
two-level atom model equa- 
tions, 243 
Stellar content of dwarf galax- 
ies, 38-45, 52-55 
Sun 
absolute heights of UV emis- 
sion, 212 
convection in, 323-24 
Prandtl number, 330 
Reynolds number, 330 
see also Convection 
density, 116 
inhomogeneous structure, 
209, 212, 229-33, 235 
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chromosphere UV, 222 
corona, 233 
emission network, 211, 
229 
granulation temperature 
excess, 212 
microfaculae, 212, 229 
spicules, 223-25 
in transition zone, 225, 
230 
mass, 116 
perturbing effect of planets, 
117-18 
radius, 116 
variation in brightness, 116 
velocity relative to galactic 
center, 116 
see also Chromosphere; 
Corona; Photosphere; 
Solar wind; Transition 
zone 
Sun--ultraviolet observations, 
209-35 
absolute intensity measure- 
ment, 216 n 
Aluminum jump at 2080 A, 
212 
balloon observations, 212, 
215 
chromospheric emission 
network, 211 
coronal emission lines, 
211-14 
echelle spectra, 214, 216 
eclipse observations, 212, 
213 
definition of extreme ultra- 
violet (EUV), 208 
limb observations, 212, 
214-15 
line profile studies, 215-17 
C Ilat A 1335, 216 
H Ly a, 216 
Mgt Hand K, 212, 215 
Ol triplet at A 1305, 216 
NRL slitless spectrograph, 
211 
OSO 4 
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resolution, 210 
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resolution, 213 
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211, 213 
rocket observations, 212, 
214, 215 
spacing of lines in EUV, 
215 
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211, 213 
Supernovae as disrupters of 
binary systems, 183, 203- 
4 
Synchrotron radiation in infra- 
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Temperature minimum-- 
solar 
observations, 216, 220 
radiative equilibrium vs 
mechanical heating, 220 
Temperature profile 
of Cytherean atmosphere, 
157-59, 165-67 
of Martian atmosphere, 
159 
of solar atmosphere, 210, 
233 
chromosphere, 222, 226 
corona, 210 
photosphere, 220-22 
transition zone, 223 
Thermal bottleneck in de- 
generate dwarfs, 354 
Thermalization length 
multiplets, 267 
photons in stellar atmos- 
phere models, 252-53 
saturated lines, 264 
Thermal time scale 
for cloud relaxation, 315 
for mass exchange in close 
binaries, 184, 193, 195 
for relaxation oscillations, 
138 
Thermodynamic equilibrium, 
238 
Thermodynamics of degener- 
ate dwarfs, 360-63 
Thermosphere 
characteristics, 163 
Cytherean, 166 
Martian, 166 
Tidal distortion of close bi- 
naries, 188, 195, 200 
Tidal effects on dwarf galax- 
ies, 45, 48-51 
Time scale 
dynamic for mass exchange 
in close binaries, 195, 
204 
Kelvin thermal 
cloud relaxation, 315 
mass exchange in close 
binaries, 184, 193, 195 
relaxation oscillations, 
138 
nuclear for mass exchange 
in close binaries, 194 
Transition zone--solar, 223- 
27, 233-34 
in active regions, 231, 233, 
235 
conductive flux, 223-24, 
231, 233, 235 
emission measure, 223 
energy dissipation, 223-24 
extension of chromospheric 
emission network, 211, 
235 
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location of, 224-26 
irregular nature, 225 
around spicules, 226, 235 

magnetic field funneling of 

flux, 230 
pressure, 224, 229, 231 
temperature structure, 223- 
24 
thickness, 223 
effect on center/limb ratio 
of lines, 224 
three-parameter model, 224 
Transport coefficients 
convection theory 
thermal diffusivity, 326, 
330, 335 
turbulent diffusivity, 338- 
39, 341, 343 
viscosity, 339, 341 
degenerate dwarfs 
electrical conductivity, 361 
thermal conductivity, 354, 
360 
viscosity, 360-61 
Sun 
conduction funneling by 
magnetic field, 230 
thermal conduction, 223- 
24, 231, 233, 235 
Troilite, 3 
Turbulence 
in boundary layers of con- 
vective zones, 335, 341- 
42 

diffusivity, 340-42 

theories of, 349 

turbulent pressure, 326 

see also Convection 
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Ultraviolet radiation 
from degenerate dwarfs, 363 
from the Sun 
see Sun--ultraviolet obser- 
vations 
Undersize subgiants, 198, 
200 
see also Binary stars 
Ursa Minor galaxy, 37-38 
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Variable stars 
cataclysmic as close bina- 
ries, 201-3 
in dwarf galaxies, 42, 52-55 
see also individual variable 
type 
Velocity distribution 
of nearby stars, 109-10 
conversion of radial and 
proper motion to space, 
109 
galactic component of 
group motion, 110 
stream motion, dispersion, 
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Velocity of Sun relative to 
galactic circular, 110 
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atmospheric conditions on 
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CO, 149 
Lyman a emission, 154 
other gases, 153 
thermal structure, 157-59 
water, 150, 152 
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brightness temperature, 151 
infrared, 160 
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photochemistry of CO», 
168-70 
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177-78 
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159 
refractive index, 156 
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158 
composition, 149-57 
clouds, 151-52, 155, 159, 
176 
CO2, 149-50 
H and He in upper atmos- 
pheré, 166, 169-70 
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hydrogen/deuterium ratio, 
169-70, 178 
other gases, 153-54, 166, 
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upper atmosphere, 165-66 
variations, 152 
water, 150-51, 161, 170, 
176-78 
dynamics 
circulation, subsolar to 
antisolar, 171 
controls, 170 
lower atmosphere, 170-72 
rotation with four-day 
period, 171-72 
scaling from one planet to 
another, 170 
torque on planet, 172 
upper atmosphere, 173-75 
evolution, 175-78 
escape of gases, 176-77 
Lyman a, 164, 166 
spectra, 151-52, 154, 156 
reflection, 156 
structure--lower atmosphere, 
157-63 
adiabatic lapse rate, 158 
clouds, 160-61, 176 
clouds, evidence, 159 
convection, 162 
dust, evidence, 159 
greenhouse effect, 162 
heat deposition, 162 
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mixing, 157 
opacities, 162 
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surface temperature, 158 
thermal, observation, 
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thermal, theory, 161-62 
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mean free path, 163 
mixing, 168, 170, 175 
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photochemistry of CO», 
168-70 
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Viscosity 
in convection theory, 339, 
341 
in degenerate dwarfs, 360, 
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fractionation of, 6, 11-17 
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White dwarfs 
see Degenerate dwarfs 
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PREFACE 


Volume 9 of the Annual Review of Astronomy and Astrophysics was 
planned by the Editorial Committee at a meeting at the University of Cali- 
fornia, Santa Cruz on 17 May, 1969. Dr. Joseph Wampler of the Lick 
Observatory was an invited participant and made many valuable sugges- 
tions. The Committee believes that the current volume should attract wide 
interest because it deals with so many timely and important subjects, and 
we are grateful to the authors for their excellent contributions. If other 
interesting topics are conspicuous by their absence, it is usually not that we 
have overlooked them but, as we have reminded our readers previously, 
because new work in progress makes a delay of a year or two seem highly 
desirable. 

After this volume had gone to the printer, we learned with sorrow and 
dismay of the sudden death of Mrs. Joann Huddleston, who had served as 
Assistant Editor of the series from Volume 1 on. The high quality of her 
editorial work, the skillful and tactful management that brought out every 
volume on schedule, and the kind and friendly assistance she gave to editors 
and authors were deeply appreciated. Much of the heavy editorial work on 
manuscripts and proofs for this volume had been performed by Mrs. 
Huddleston. 

We thank Mrs. Jacqueline Handley of the staff of Annual Reviews, Inc. 
for carrying on the work to completion so capably, and we are also indebted 
to the George Banta Company for an outstanding printing job. 


THE EpITORIAL COMMITTEE 
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